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Editorial

In February 1992, AHCPR released a clinical practice guideline1 to help surgeons, nurses, and 
anesthesiologists manage acute post-operative pain more effectively. The guideline was de-
veloped by an 18-member private-sector panel of pain experts. The multidisciplinary panel 
reviewed the research literature on pain management to develop the scientific base for the 
guideline. The guidelines indicate that unrelieved pain causes suffering, can lead to other health 
problems, and delays recovery, thereby adding unnecessarily to health care costs. The acute 
pain management guideline had four major goals:

•	 To reduce the incidence and severity of acute post-operative or post-traumatic pain
•	 To educate patients about the need to communicate about their unrelieved pain
•	 To enhance patient comfort and satisfaction
•	 To reduce post-operative complications and, in some cases, shorten stays after surgical 

procedures

The panel arrived at a number of conclusions at that time; however, some assertions have been 
refuted or questioned2-6 in recent years:

•	Half of all patients given conventional therapy for their pain-most of the 23 million surgi-
cal cases each year-do not get adequate relief. These patients continue to feel moderate to 
severe pain

•	Giving patient’s pain medicine only “as needed” can result in prolonged delays because 
patients may delay asking for help

•	Aggressive prevention of pain is better than treatment because, once established, pain is 
more difficult to suppress

•	 Patients have a right to treatment that includes prevention of or adequate relief from pain. 
Physicians need to develop pain control plans before surgery and inform the patient what to 
expect in terms of pain during and after surgery

•	 Fears of postsurgical addiction to opioids are generally groundless2

•	 Patient-controlled medication via infusion pumps is safe3-6

 Primary messages that came out of this guideline include the idea that the patients 
have a ‘right’ to pain treatment and that recognizing and more thoroughly treating acute pain 
management will result in less suffering, improved recovery and positive financial consequenc-
es. The Joint Commission on Accreditation of Healthcare Organizations then came out with 
new standards for pain assessment, monitoring and treatmentin 2001 as a condition of accredi-
tation.7 The 2000’s became the decade where patient satisfaction and treating every subjective 
complaint of pain became the new standard. 

 This increased emphasis on treating patient complaints of pain along with the loos-
ening of concerns regarding the risk of addiction lead to an astronomical increase in opioid 
prescriptions paralleling an increase in the incidence of opioid addiction.8 There were also 
reports of increases (from 11 to 24.5 per 100,000) in serious opioid-related adverse drug events 
(ORADE’s) after the implementation of policies and standards reflecting this expanded empha-
sis.9
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 Despite these and other guidelines that have come out 
since that time, acute pain management continues to be poorly 
managed as reflected in many patient satisfaction studies.10-14 
Further, despite the availability of newer modalities that have 
been repeatedly shown to significantly improve post-operative 
pain control, optimize patient recovery parameters, and obviate 
the potentially very serious consequences of ORADE’s, reliance 
on opioid monotherapy remains the most commonly prescribed 
regimen in the United States (US).

 Beyond the life-threatening ORADE’s, it is now rec-
ognized that surgical patients experiencing moderate to severe 
ORADE’s have significant increases in length of stay (LOS) 
as well as an increase in overall hospital costs. Even a single 
episode of a relatively minor ORADE has been found to be as-
sociated with an average 1/2 day increase in length of stay and 
an increase in costs of $840 in hospitalized patients.15 Another 
study indicates that ORADE’s increase LOS by 10.3% and costs 
by 7.4% in surgical patients, and higher doses of opioids (10 
mg morphine) are associated with experiencing ORADE’s.16 A 
recent retrospective study of 319,898 selected surgical patients 
(moderately painful procedures) found that 12.2% experienced 
ORADE’s and incurred an estimated additional mean cost and 
LOS difference of $4,707 and 3.3 days when compared to simi-
lar patients who did not have an ORADE. These patients were 
also more likely to be total cost outliers, length of stay outliers 
and to be readmitted.17 Interestingly, the dose of opioid that is as-
sociated with a greater likelihood of ORADE is relatively small, 
particularly when given intravenously. In a retrospective study 
evaluating the influence of intravenous opioid dosing on the 
incidence of post-operative ileus (POI) in colectomy patients, 
Barletta et al18 found that 2 mg or more of hydromorphone per 
day was the dose measure most associated with experiencing a 
POI. This dose was also significantly associated with having an 
increased LOS. The added cost from a POI-related increase in 
LOS was recently estimated to be $8,300.19

 The American Society of Anesthesiologists (ASA) pub-
lished in 2012 an updated (from 1995 & 2004) practice guide-
lines for acute pain management in the peri-operative setting20 

which was developed from current literature, expert opinion and 
randomly selected ASA member opinion. These guidelines em-
phasize the importance of developing institutional policies and 
procedures for the evaluation and management of peri-operative 
pain, obtaining a directed pain history and peri-operative patient 
education, employing advanced peri-operative pain manage-
ment techniques as well as multimodal analgesia (MMA), and 
recognizing and addressing certain patient subpopulations that 
are at increased risk of experiencing post-operative pain. A sum-
mary of their recommendations includes:

•	Ongoing education and training of hospital personnel regard-
ing the effective and safe use of the available treatment op-
tions within the institution

•	Use standardized, validated instruments to facilitate the regu-
lar evaluation and documentation of pain intensity, the ef-

fects of pain therapy, and side effects caused by the therapy
•	 Twenty four hour access to hospital staff and surgeons to ad-

dress peri-operative pain management within the context of 
an integrated Acute Pain Service (APS) to minimize ‘anal-
gesic gaps’

•	Avoid ordering analgesic modalities ‘as needed’
•	Whenever possible, use MMA techniques including:
o COXIBs, Non-selective NSAIDS, Acetaminophen, gaba-

pentin/pre-gabalin
o Regional blockade with local anestheticsshould be consid-

ered as part of amultimodal approach 
•	Unless contraindicated, all patients should receive an around-

the-clock regimen of NSAIDs, COXIBs, or acetaminophen
•	 Pediatric and geriatric patients are at increased risk for com-

plications due to their acute pain therapies
•	Critically ill and cognitively impaired patients are subpopu-

lations who require additional interventions to ensure opti-
mal pain management

An exhaustive and thorough discussion on the importance of 
evaluating and optimizing acute pain as well as how to imple-
ment a system-wide approach to acute pain management was de-
veloped by the Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) in 2012 as well.21 It includes a discus-
sion of many of the prevailing forces within the current health-
care market that are mounting (including HCAHPS & Value-
Based Purchasing) that are creating the necessity for hospitals 
to optimize acute pain management. The details of this resource 
are beyond the scope of this supplement, but their 8 critical com-
ponents are:

•	Use of National Pain Standards
•	Commitment of a Senior Leader Champion
•	Consistent Oversight of a Pain Project Manager
•	Collaboration of the Interdisciplinary Team
•	 Provision of Systemic Performance Improvement  

Methodology
•	 Provision of a Pain Management Infrastructure
•	 Promotion of the Patient’s Continuous Learning
•	 Transition of Care for all Stakeholders

 More recently, The American Pain Society, in col-
laboration with The American Society of Regional Anesthesia 
and the American Society of Anesthesiologists, recently pub-
lished guidelines on the management of post-operative pain.22 
The panel echoes many of the recommendations of the updated 
practice guidelines from the ASA Task Force on Acute Pain 
Management20 though it does so in greater detail. For example, 
they recommend that clinicians offer multimodal analgesia in-
cluding gabapentin, acetaminophen and/or nonsteroidal anti-
inflammatory drugs in the treatment of post-operative pain in 
patients without contraindications, but they go on to recommend 
the use of non-pharmacologic therapies (TENS and cognitive-
behavioral therapy, for example). As another example, instead 
of only suggesting that local anesthetic techniques should be 
considered per the ASA Guidelines, clinicians are recommended 
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to consider surgical site infiltration of local anesthetics, local 
anesthetic-based peripheral regional anesthetic techniques and 
continuous peripheral regional analgesic techniques when the 
need for analgesia is likely to exceed the duration of effect of a 
single injection. They recommend the routine use of NSAID’s 
and Acetaminophen for all patients without contraindications 
as they each have opioid-sparing properties which are differ-
ent, and their combined use may be superior to either alone. The 
American Pain Society Guidelines go on to recommend the use 
of additional agents such as ketamine, IV lidocaine and cloni-
dine with single injection nerve blocks when appropriate. 

 Further, oral opioids are recommended over IV opioids 
in patients who can use the oral routes. Specific recommenda-
tions are also made regarding patients on long-term opioid 
therapy including pain specialty consultation. Further, the panel 
recommends that facilities in which surgery is performed pro-
vide clinicians with access to consultation with a pain specialist 
for any patient with inadequately controlled post-operative pain 
or who is at high risk of inadequately controlled post-operative 
pain (e.g., opioid-tolerant, history of substance abuse) (strong 
recommendation, low-quality evidence).

 Of particular importance, recommendations for ad-
equate monitoring for sedation and respiratory depression for 
patients receiving systemic opioids are also described. Although 
they state that pulse oximetry is often utilized in patients at risk 
for opioid-induced respiratory depression, it is an insensitive 
and relatively late monitor in detecting respiratory depression, 
particularly when supplemental oxygen is being delivered. Reg-
ular clinical assessments of sedation and respiratory effort likely 
remain the most reliable monitor for respiratory depression. 
Continuous capnography may become a more useful monitor; 
however, there are insufficient studies at present.

 Facilities are recommended to have an organized struc-
ture in place to develop and refine policies and processes for safe 
and effective delivery of post-operative pain control. Facilities 
should also provide clinicians with access to pain specialists for 
patients who have inadequately controlled post-operative pain or 
who are at risk for having poorly controlled post-operative pain.

 It is particularly important to identify patients at in-
creased risk for serious ORADE’s such as over-sedation and 
respiratory depression. Special attention to opioid-sparing mul-
timodal analgesia should be employed in particular with this pa-
tient population, and additional monitoring is important when 
opioids are required. The August 2012, Joint Commission Senti-
nel Event Alert #49 titled ‘Safe use of opioids in hospitals’23 ad-
dresses this issue and identifies patients at increased risk. Their 
report estimates that the incidence of post-operative respiratory 
depression is 0.5% of patients, but this estimate is likely lower 
than the actual incidence as the occurrence rates in clinical trials 
are higher. Of the ORADE’s that appear in their database (in-
cluding deaths), 47% were wrong dose medication errors, 29% 
were related to improper monitoring of the patient, and 11% 
were related to other factors. 

Characteristics of patients who are at higher risk for over-seda-
tion and respiratory depression:

•	 Sleep apnea or sleep disorder diagnosis 
•	Morbid obesity with high risk of sleep apnea
•	 Snoring
•	Older age; risk is:
o 2.8 times higher for individuals aged 61-70 
o 5.4 times higher for age 71-80 
o 8.7 times higher for those over age 805,12,20 

•	No recent opioid use
•	 Post-surgery, particularly if upper abdominal or thoracic 

surgery
•	 Increased opioid dose requirement 6 or opioid habituation 
•	 Longer length of time receiving general anesthesia during 

surgery
•	Receiving other sedating drugs, such as benzodiazepines, 

antihistamines, diphenhydramine, sedatives, or other central 
nervous system depressants

•	 Pre-existing pulmonary or cardiac disease or dysfunction or 
major organ failure

•	 Thoracic or other surgical incisions that may impair  
breathing

•	 Smoker

 As with other patients, analgesic regimens should be 
tailored to the individual patient and scaled up or down as needs 
change. This approach mirrors the World Health Organization’s 
(WHO) stepwise approach to pain management.24
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Research 

ABSTRACT

Background: Non-traumatic Major Lower Extremity Amputation (MLEA) surgeries are asso-
ciated with high post-operative morbidity and mortality rates. There are few studies evaluating 
factors associated with post-operative mortality rates for MLEA among Asian patients. 
Objective: To identify factors that affect post-operative mortality rate and ICU admission rates 
in patients undergoing non-traumatic MLEA surgeries in a tertiary institution in Singapore. 
Method: A retrospective study was performed by using the operating theatre electronic database 
to identify patients who underwent non-traumatic MLEA surgeries in Singapore General Hos-
pital during the period of January 1, 2010 to December 31, 2011. 
Results: Data was collected from 186 non-traumatic MLEA surgeries performed during the 
study period. Overall post-operative in hospital mortality rate was 8.6%, higher for above knee 
amputation (AKA), than Through Knee Amputation (TKA) than Below Knee Amputation 
(BKA) (18.4% vs. 8% vs. 4.5%, p=0.015). In multivariate logistic regression analysis, site 
of amputation of AKA compared to BKA (odds ratio 3.9, 95% confidence interval 1.1-14.5, 
p=0.04), ASA 4 status (odds ratio 4.3, 95% confidence interval 1.2-14.6, p=0.02) and presence 
of septic shock (odds ratio 4.9, 95% confidence interval 1.4-17.3, p=0.01) were significant pre-
dictors of post-operative in hospital mortality rate. The same 3 factors were significant predic-
tors of post-operative ICU admission rate. Use of peripheral nerve block as the sole anaesthetic 
technique did not affect in-hospital mortality rate (adjusted odds ratio 1.3, 95% confidence 
interval 0.3-5.6). 
Conclusion: Patients with ASA 4 status and pre-operative septic shock, especially those under-
going AKA, should be considered as high risk group and therefore managed appropriately. The 
higher incidence of post-operative ICU admission rate in this group of patients also necessitates 
pre-operative organization of bed availability. Using peripheral nerve block as the sole anaes-
thetic technique did not significantly affect outcomes measured.

KEY WORDS: Major lower extremity amputation; In-hospital mortality rate; Peripheral nerve 
block. 

ABBREVIATIONS: MLEA: Major Lower Extremity Amputation; IRB: Institutional Review 
Board; BKA: Below Knee Amputation; TKA: Through Knee Amputation; AKA: Above Knee 
Amputation.
 
INTRODUCTION

Non-traumatic major lower extremity amputation (MLEA) surgeries are associated with sig-
nificant post-operative morbidity and mortality. Studies have found the 30-day mortality rate 
for this group of patients to be ranging from 7-23%.1-7 Patients undergoing these operations 
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often have significant multiple comorbidities4 and pre-operative 
hemodynamic disturbances, putting them at high risk both for 
surgery and for the further hemodynamic changes associated 
with anaesthesia. Most studies evaluating factors associated 
with peri-operative mortality rates in this group of patients are 
conducted in Caucasian populations,3-6 and we find a lack of 
similar studies evaluating these factors in the Asian population.  

 We performed a retrospective review of all MLEA sur-
geries that took place in Singapore General Hospital across a 
two year period to evaluate the factors that affect post-operative 
morbidity and mortality rate. Post-operative in hospital mortal-
ity rate, intensive care unit (ICU) admission rate and incidence 
of medical and surgical complications were assessed. 

 In this study, we also did a subgroup analysis to evalu-
ate if using peripheral nerve block as the sole intra-operative 
anaesthetic technique affects in-patient mortality and ICU ad-
mission rates. 

DESIGN AND METHODS

We obtained approval from the Singhealth Centralised Institu-
tional Review Board (IRB) to conduct this study. A review of 
the operating theatre electronic database was done to identify 
patients who underwent MLEA surgeries, including below knee 
amputation (BKA), through knee amputation (TKA) and above 
knee amputation (AKA), for the period of January 1, 2010 to 
December 31, 2011, in Singapore General Hospital. 

 We manually traced the intra-operative anaesthesia 
chart and paper inpatient records for all 206 surgeries identi-
fied. A review of the electronic hospital records for these 206 
surgeries was also done if the paper records were insufficient to 
provide us with the data required. 

 Data collection was done by only 2 investigators to en-
sure fidelity of data collection. Data that was not available on 
the paper anaesthesia chart and inpatient notes were then supple-
mented by the electronic hospital records. As such, there was no 
missing data.  

 Data was collected for demographic variables, pre-
operative comorbidities, date and type of surgical procedure 
including repeat operations, post-operative ICU admission and 
occurrence of complications including in-patient mortality, med-
ical and surgical complications. 

 Demographic variables collected include, age, gender 
and race. Pre-operative comorbidities looked at include diabe-
tes mellitus, and whether patient was insulin-dependent, hyper-
tension, ischaemic heart disease and chronic renal impairment, 
including whether patient was dialysis dependent. We defined 
chronic renal impairment as serum creatinine >2 mg/dL or 
>176 umol/L. Patient’s assigned ASA status was noted from 
the pre-operative assessment on the anaesthesia chart. Presence 

of medical contraindications to central neuraxial block was re-
corded, including presence of coagulopathy with INR>1.2, use 
of anti-platelet agents which contraindicate the use of neuraxial 
anaesthesia and anti-coagulants. Presence of septic shock was 
identified, and defined as sepsis in the presence of pre-induc-
tion hypotension with mean arterial pressure <65 mmHg for 2 
consecutive readings, and/or pre-operative or intra-operative re-
quirement for vasoactive drugs, including one of more of adren-
aline, noradrenaline, dopamine and/or dobutamine. This is based 
on the 2001 definition of septic shock. 

 The anaesthesia chart was reviewed for choice of an-
aesthesia technique between general anaesthesia, central neur-
axial block or peripheral nerve block. If peripheral nerve block 
was the technique of choice, the success of the block was noted, 
including whether supplementation with analgesia was required, 
or whether the surgery necessitated conversion to general anaes-
thesia. 

 Post-operative admission into ICU was noted, includ-
ing days of ICU admission. Incidence of post-operative medical 
complications collected include: pneumonia, acute myocardial 
infarction, cerebrovascular accident, urinary tract infection or 
new onset arrhythmias. Incidence of post-operative surgical 
complications collected include presence of sepsis, wound in-
fection, pressure sore, bleeding requiring blood transfusion and 
repeat operations. Repeat operations could include a higher level 
amputation or wound debridement of the existing amputation 
site. 

STATISTICAL ANALYSES

Continuous outcomes are given as the mean±SD and categorical 
data are presented as percentages. Univariate analysis was used 
to identify individual variables that could be associated with in-
patient mortality and ICU admission. A less stringent p-value 
of 0.10 was used during univariate analysis so as to include 
all variables that could affect outcomes into the final analysis. 
These factors were then entered into a multivariate logistic re-
gression analysis to identify independent variables that affect the 
outcomes of mortality rate and ICU admission rate. A final p-
value <0.05 was considered statistically significant. All statisti-
cal analyses were conducted using the Statistical Package for the 
Social Sciences (SPSS, version 17.0).   

 In the subgroup analysis, we divided patients into those 
who received peripheral nerve block for their surgeries (PNB 
group) and those who did not receive peripheral nerve block for 
their surgeries (non-PNB group). PNB group of patients was de-
fined as those who received only peripheral nerve block for their 
surgeries, including femoral nerve block together with sciatic 
or popliteal nerve block, and/or obturator nerve block, depend-
ing on the level of amputation. The non-PNB group was defined 
as those patients receiving either general anaesthesia or central 
neuraxial block for their surgeries. For patients who underwent 
peripheral nerve block, the anaesthesia chart was reviewed for 
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success of the block. Failure of peripheral nerve block was de-
fined as insertion of an airway device with continuous admin-
istration of intravenous or inhalational anaesthetic agent at any 
point during the surgery. Patients who had complete failure of 
peripheral nerve block necessitating conversion to general an-
aesthesia, with insertion of an airway device, were analysed un-
der the non-PNB group.  

RESULTS

Within the study period, there were 206 MLEA surgeries per-
formed in 186 patients. Four patients who had lower limb ampu-
tations due to trauma and 1 patient due to tumour were excluded 
from the study as they are recognised to have a different disease 
process and baseline characteristics from patients who under-
went surgery due to ischaemia or infection. 11 patients had 2 
amputation surgeries and 2 patients had 3 amputation surgeries 
within the study period. For these patients with repeated lower 
limb amputations, only the first operation was included in the 
data analysis. 

 After exclusion of the repeat surgeries and patients 
who had surgery due to tumour or trauma, a total of 186 surger-

ies, including 112 BKA (60.2%), 25 TKA (13.4%) and 49 AKA 
(26.3%) were included in the data analysis. The study flow chart 
is shown in Figure 1. 

 Table 1 shows the baseline characteristics of the pa-
tients divided into the 2 subgroups of peripheral nerve block 
versus no peripheral nerve block. Baseline characteristics of pa-
tients in both groups are comparable. However, patients in the 
PNB group were 2.7 times more likely to have ischaemic heart 
disease (confidence interval 1.1-6.7) and 4 times more likely to 
have medical contraindications to central neuraxial block (confi-
dence interval 1.6-9.5).

 Overall post-operative in-hospital mortality rate was 
8.6% (16/186 operations). The in-hospital mortality rate was 
worst for AKA (18.4%), than TKA (8%) and BKA (4.5%) pa-
tients (p=0.015). Post-operative day of death ranged from POD 
3 to POD 83. 

 On univariate analysis, variables that predicted in 
hospital mortality with p<0.10 were DM (p=0.02), presence of 
septic shock (p=0.014), site of amputation (p=0.015) and ASA 
status (p=0.027). These variables, as well as age group and the 

206 cases identified in electronic operating system database

Excluded: 
4 amputations due to trauma
1 amputation due to tumour
15 repeat operations

186 cases included in analysis

For Subgroup analysis

30 patients received PNB as 
initial anaesthesia technique

3 complete success 22 with partial  
supplementation 

25 patients in peripheral 
nerve block group (PNB)

161 patients in non-peripheral 
nerve block group (non-PNB) 

5 converted to general  
anaesthesia

84 patients received spinal  
anesthesia, 72 patients  

received general anaesthesia

Figure 1: Study Flowchart.
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Table 1: Baseline Characteristics of Patients Who Received PNB vs. Non-PNB as Anaesthesia Technique for MLEA.

Non-PNB group (total 161) PNB group (total 25) p-Value

Age
<65
>65

80 (50%)

81 (50%)

12 (48%)

13 (52%)
0.878

Gender

      Male 95 (59%) 151(60%) 0.93

      Female 66 (41%) 10 (40%)

Race

      Chinese 105 (65%) 15 (60%) 0.59

      Malay 31 (19%) 7 (28%)

      Indian 22 (14%) 2 (8%)

      Others 3 (2%) 1 (4%)

Diabetes Mellitus

      No     14 (9%) 3 (12%) 0.59

      Yes 147 (91%) 22 (88%)

Hypertension
      No 
      Yes

27 (17%)

134 (83%)

3 (12%)

22 (88%)
0.55

I schaemic Heart disease
      No
      Yes

82 (51%)

79 (49%)

7 (28%)

18 (72%)
0.03

Chronic renal impairment
      No
      Yes

83 (51%)

78 (48%)

12 (48%)

13 (52%)
0.74

Pre-operative septic shock

      No 92 (57%) 10 (40%) 0.11

      Yes 69 (43%) 15 (60%)

ASA

      3 113 (70%) 14 (56%) 0.16

      4 48 (30%) 11 (44%)

Medical contraindication to central neuraxial 
block 

     No 
     Yes

111 (68%)

50 (31%)

9 (36%)

16 (64%)
0.001

Site of amputation 
BKA
TKA
AKA

97 (60%)

21 (13%)

43 (27%)

15 (60%)

4 (16%)

6 (24%)

0.90

use of peripheral nerve block as the sole anaesthetic technique 
were entered into a multivariate logistic regression analysis of 
post-operative inpatient mortality rate (Table 2). 

 AKA site of operation, presence of ASA 4 status, and 
septic shock were significant predictors of post-operative in hos-
pital mortality rate. The use of peripheral nerve block as the sole 
intra-operative anaesthetic technique did not significantly affect 
post-operative in hospital mortality rate (p=0.77).  

 Overall rate of ICU admission was 7.5%, worst for AKA 
(14.3%) than TKA (8%) and BKA (4.5%) patients (p=0.09). On 
univariate analysis, variables that predicted post-operative ICU 

admission with p<0.10 was septic shock (p=0.002), the use of pe-
ripheral nerve block as the sole anaesthesia technique (p=0.084), 
site of amputation (p=0.094) and ASA status (p=0.001). These 
variables, as well as age group and presence of diabetes mellitus 
were entered into a multivariate logistic regression analysis for 
incidence of post-operative ICU admission. Again, site of ampu-
tation of AKA compared to BKA, ASA 4 status and presence of 
septic shock were predictors of post-operative ICU admission. 
(Table 3). Patients with septic shock were 15 times more likely 
to require post-operative ICU admission, AKA patients were 5.5 
times more likely that BKA patients to require post-operative 
ICU admission and ASA 4 patients were 8.6 times more likely to 
be admitted to ICU post operatively.
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Table 3: Predictors of Post-operative ICU Admission by Multiple Logistic Regression 
Analysis.

Variable Adjusted odds ratio  
(95% confidence interval) p-value

Age group

<65 Reference

>65 0.7 (0.2-2.8) 0.59

Site of amputation 

    BKA Reference

    TKA 0.7 (0.1-5.4) 0.72

    AKA 5.5 (1.2-25.5) 0.03

ASA group

    ASA 3 Reference 

    ASA 4 8.6 (2.1-35.4) 0.003

Use of peripheral nerve block 3.5 (0.8-15.4) 0.11

Presence of septic shock 15.2 (2.5-94.5) 0.003

Diabetes Mellitus 0.8 (0.1-6.0) 0.81

Table 2: Predictors of Post-operative in-Hospital Mortality Rate by Multiple Logistic 
Regression Analysis.

Variable Adjusted Odds ratio  
(95% confidence interval) p-Value

Age Group 

<65 Reference

>65 1.5 (0.4-5.3) 0.57

Site of operation 

     BKA Reference

     TKA 0.8 (0.1-5.2) 0.77

     AKA 3.9 (1.1-14.5) 0.04

ASA Group 

     ASA 3 Reference

     ASA 4 4.3 (1.2-14.6) 0.02

Use of peripheral nerve block 1.3 (0.3-5.6) 0.77

Presence of septic shock 4.9 (1.4-17.3) 0.01

Diabetes Mellitus 0.2 (0.1-1.1) 0.07

 Across all 3 types of MLEA surgeries, incidence of sur-
gical complications was 33.3% and incidence of medical com-
plications was 22.6% (Table 4). 

 The 30 patients who received peripheral nerve block as 
the sole anaesthesia technique, 3 patients had complete success 
of the nerve block, 22 patients required partial supplementation 
of the nerve block and 5 nerve blocks were complete failure and 
required conversion to general anaesthesia with insertion of an 
airway device. The failure rate of PNB was 16.7%. 22 patients 
had their nerve block supplemented with intravenous analgesic 
or sedative agents, including fentanyl, propofol and/or ketamine, 
without the need for insertion of airway device or conversion to 
general anaesthesia.

 In-hospital mortality rate was 12% for the PNB group 

and 8% for the non-PNB group of patients but the difference 
was not statistically significant via univariate analysis (Table 
5). After adjustment for age, presence of diabetes, septic shock, 
ASA status, site of amputation, presence of ischaemic heart dis-
ease and presence of medical contraindication to central neur-
axial block via logistic regression analyses, the use of peripheral 
nerve block was not independently associated with in hospital 
mortality rate (adjusted odds ratio 1.25, 95% confidence interval 
0.3-5.6, p=0.77).

 Post-operative ICU admission rate was 16% for the 
PNB group and 6% for the non-PNB group but the difference 
was again not statistically significant via univariate analysis. 
There was no significant association between use of peripher-
al nerve block and incidence of post-operative ICU admission 
rate (adjusted odds ratio 3.5, 95% confidence interval 0.8-15.4, 
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Table 4: Incidence of Different Types of Post-operative Complications.

Complications Number of patients Percentage (%)

Surgical complications
Sepsis 31 16.7

Wound infection 22 11.8

Repeat operation 16 8.6

Bleeding 15 8.1

Pressure sore 3 1.6

Total surgical complications 62 33.3

Medical complications
   Acute myocardial infarction 
   Pneumonia
   Urinary Tract Infection 
   Cerebrovascular Accident
   Arrhythmias

18
16
13
4
4

9.7
8.6
7.0
2.2
2.2

Total Medical complications 42 22.6

Table 5: Unadjusted Odds Ratio for Use of Peripheral Nerve 
Block and in Hospital Mortality by Univariate Analysis.

No PNB used PNB used

Alive 148 22

In-hospital mortality 13 3

Total 161 25

p=0.52, Unadjusted odds ratio=1.5, 95% CI 0.41-5.89.

p=0.105).

DISCUSSION

Major lower extremity amputation (MLEA) surgeries place 
a huge burden on the healthcare system due to its high asso-
ciated post-operative morbidity and mortality rates.1-7 With the 
increasing incidence of diabetes mellitus in Asia, the incidence 
of MLEA surgeries is set to increase over the next few years8-10 
as diabetes is one of the major risk factors for critical limb isch-
aemia and lower limb amputation surgeries.10 It is important to 
identify factors that affects outcome in this group of patients. 

 In our study, we analysed outcomes of a predominantly 
Asian population undergoing MLEA to identify the factors that 
significantly predict post-operative in hospital mortality and 
ICU admission rates. With the increasing interest in regional an-
aesthesia, we also tried to investigate if using peripheral nerve 
block as the sole anaesthetic technique can influence these out-
comes. 

 Our study found that local outcome after non-traumatic 
MLEA was similar to that found in other studies and population 
groups. Post-operative in hospital mortality rate for non-trau-
matic MLEA was 8.6% in our centre, which is consistent with 
earlier studies that found a 30-day mortality rate of 7-23%.1-7 A 

significantly higher mortality rate for AKA (18.4%) than BKA 
patients (4.5%) is also consistent with previous studies.2

 There are several significant findings in our study. First-
ly, pre-operative septic shock, ASA 4 status and site of amputa-
tion of AKA are significant predictors of higher post-operative 
in hospital mortality rate and ICU admission. Previous studies 
evaluating non-traumatic MLEA found thatage,6 albumin level,6 
AKA,4,6 lack of a previous coronary artery bypass graft,6 renal 
insufficiency,4 ASA grade ≥412 and out-of-hours surgery12 are 
factors that affect peri-operative mortality rate. This knowledge 
is important when risk stratifying patients before surgery. Ap-
propriate post-operative disposition can also be arranged before 
the operation.

 Secondly, we found that using peripheral nerve block 
as the sole intra-operative anaesthetic technique did not lower 
incidence of post-operative mortality and ICU admission rates. 
However, with the small number of patients in the PNB group 
and the differences in baseline characteristics between the PNB 
and non-PNB group of patients, we must interpret the results 
with caution. Although logistic regression analysis was used to 
adjust for known confounders identified in our study, we were 
not able to account for unknown confounders that may be pres-
ent. Further research with randomised controlled trials would be 
necessary to make meaningful conslusions. Although peripheral 
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nerve block has been shown to provide greater intra-operative 
hemodynamic stability when used as the sole anaesthetictech-
nique,13,14 there is a lack of studies to prove that this translates 
to improved post-operative outcomes, including a lowered post-
operative mortality rate.14

 There is mixed evidence in the literature when evalu-
ating whether anaesthesia technique affects mortality rate in 
MLEA surgeries. One study found that the type of anaesthetic 
(neuraxialvs general) was not associated with survival when cor-
rected for other variables,12 while other studies show that avoid-
ing general anaesthesia in favour of regional anaesthesia may 
improve post-operative outcomes in non-traumatic MLEA sur-
geries.7,16 However, all these studies did not distinguish between 
central neuraxial block and peripheral nerve block in the group 
analysed under regional anaesthesia. One large scale retrospec-
tive study showed that 30-day mortality is significantly higher in 
patients undergoing MLEA under general anaesthesia compared 
with regional anaesthesia with an odds ratio of 1.5.7 However 
when further subgroup analyses was done for patients that un-
derwent knee amputation surgery under peripheral nerve block 
alone, the authors was unable to detect any significant difference 
of the effect of anaesthesia on 30-day mortality rate. 

 While both peripheral nerve block and central neurax-
ial block avoid the risks associated with airway instrumentation 
in general anaesthesia, spinal anaesthesia can significantly de-
crease mean arterial pressure and cardiac index even in healthy 
ASA 1 and 2 patients, whereas peripheral nerve block provide a 
more hemodynamically stable anaesthesia,17 The characteristics 
of patients who receive spinal anaesthesia may be different from 
those who receive a peripheral nerve block for a MLEA, with 
the former being less septic, hemodynamically stable, and with 
an intact coagulation profile. Patients who can receive central 
neuraxial block are also not on multiple antiplatelet and antico-
agulant agents that contraindicate the block, which may indicate 
a lower incidence of underlying cardiovascular comorbidities 
that necessitate such drugs. Grouping these two heterogeneous 
groups of patients together for analysis of mortality outcomes 
may skew results, making readers unable to tell the true effect of 
using a peripheral nerve block alone.

 When given the choice, most physicians may choose 
to perform spinal anaesthesia over peripheral nerve block for 
a patient undergoing MLEA, because of the increased predict-
ability, higher success rate, faster onset and lower technical dif-
ficulty of the former. A recent census report conducted in Greece 
in 2015 supported this view that many anaesthesiologists may 
not be familiar with peripheral nerve blocks.16 In addition to the 
individual anaesthetist’s experience and training in regional an-
aesthesia, consideration also needs to be given to the possible 
failure of PNB, time required for block performance and block 
onset, as well as patient preference. The aftermath of a failed 
block requiring supplementation and conversion to GA may be 
a very negative experience for everyone involved, including the 
anaesthetist, surgeon and patient, leading to a future aversion to 

PNB in similar operations.

 With all these considerations, anaesthetists will re-
quire stronger evidence that peripheral nerve block may influ-
ence outcomes in high risk surgeries such as AKA, to guide their 
decision making towards an appropriate anaesthetic technique 
choice. However, we were unable to find a significant associa-
tion between the use of peripheral nerve block and post-opera-
tive in-hospital mortality and ICU admission rate in our study. 
In a review article,18 looking at evidence for whether regional 
anaesthesia improves outcome, the authors concede that it may 
be unrealistic to expect studies with results showing regional 
anaesthesia improving peri-operative mortality rate. As given 
the safety of modern anaesthesia with low anaesthesia-related 
mortality rates, we may require randomised controlled trials to 
include millions of patients before we can detect significant dif-
ferences in mortality rate.18 Instead, it may be more fruitful for 
future studies to look at how peripheral nerve blocks may im-
prove specific outcome parameters in the post-operative period. 

 In addition to flaws inherent to retrospective study de-
sign, our study may be underpowered to detect all factors that 
may influence outcomes in MLEA or rare complications after 
anaesthesia. Secondly, our data review collected in-patient mor-
tality rate with no follow-up beyond that for 30-day or 1 year 
mortality rate. Hence, the advantages of a specific technique 
beyond this period cannot be detected. We used logistic regres-
sion analysis to adjust for possible confounders, including age, 
ASA status, diabetes mellitus, pre-operative septic shock and 
site of amputation. Conducting a large scale randomised con-
trolled trial will be much more difficult, involving significant 
manpower, time, economical and ethical issues. Lastly, as with 
all database-based studies, errors may exist in the data-collection 
and data-entry phase. However, we tried to overcome this by 
using multiple sources of information for data collection, includ-
ing the anaesthesia chart, electronic discharge summary records 
and paper inpatient notes, to corroborate patients’ clinical infor-
mation.

CONCLUSION 

Non traumatic major lower extremity amputations, especial-
ly above knee amputations, are high risk surgeries associated 
with significant peri-operative mortality and morbidity rates.1-7 
Patient’s pre-operative condition, including their ASA status, 
presence of septic shock and site of amputation undertaken are 
significant predictors of post-operative in hospital mortality 
rate and ICU admission rate. Patients with pre-operative sep-
tic shock, ASA 4 status and undergoing AKA should be regard-
ing as high risk group, and appropriate level of intra-operative 
monitoring and post-operative disposition should be arranged. 
Using peripheral nerve block as the sole anaesthetic technique 
was not a significant predictor of in hospital mortality rate or 
ICU admission rate. Further large scale studies are required to 
determine whether peripheral nerve blocks may influence spe-
cific outcomes in these high risk surgeries. 
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Commentary

 Although, deaths during anesthesia are rare, deaths in  the post-operative period are 
not.1 The third leading cause of death in the United States is mortality after surgery, during the 
‘recovery and rehabilitation’ period.2 The most common cause of 30-day post-operative mortal-
ity unsurprisingly, is cardiorespiratory complications. 

 The Agency for Healthcare Research and Quality (AHRQ) rated post-operative respi-
ratory failureas the fourth most common patient safety event in its 2015 report. Unfortunately, 
there is no consensus on a true definition of respiratory depression. The incidence of respiratory 
depression, based on varied definitions and criteria ranges from as little as 0.3% to 17%.3

 While residual anesthetic gases, muscle relaxants, and narcotics may be common of-
fenders in the post-anesthesia care unit (PACU), poor respiratory mechanics, baseline respira-
tory diseases, poor respiratory physiology, and secondary insults with ventilatory manifesta-
tions are big players for respiratory depression in the intensive care unit (ICU). Most clinicians 
feel that respiratory depression needs to be addressed most aggressively while in the critical 
care areas such as the PACU and ICU. However, these are extensively monitored areas. Every 
vital sign is tracked continuously and every deviation from the norm results in a physician or 
nursing intervention. The bottom line is that we understand the reasons for respiratory impair-
ment in these areas. Additionally, we know when it happens in real time. We can intervene, 
we can tackle specific causes, we can escalate care. It would stand to reason then, that patients 
rarely die of respiratory depression as an immediate and direct cause in the PACU and ICU.

 The ward (regular nursing floor) is usually a place of comfort for clinically stable 
patients. Continuous post-operative oxygen saturation in non-cardiac surgical patients was 
monitored for upto 48 hours after surgery. This monitoring started once the patient left the 
PACU or the ICU and reached the regular nursing floor. Importantly, bedside care providers 
were blinded to this oximetry. The nurses continued their routine checks on vital signs every 
4 hours per protocol. Post-operative hypoxemia was common, serious, and prolonged. For 
example, 20% of patients demonstrated an average of 10 minutes of saturation <90% per 
hour over their entire hospitalization. And soberingly and rather shockingly,  90% of serious 
hypoxemic episodes (saturation <90% for ≥1 full hour) were completely missed by nurses 
conducting routine vital sign monitoring at 4-hour intervals.4

 Patients continue to decompensate on the ward, resulting in emergency medical team 
activation and transfer to higher levels of care. Not only is post-operative hypoxemia common, 
unforeseen and persistent but unfortunately it remains difficult to predict. Surprisingly, a closer 
look at a vulnerable population, that with obstructive sleep apnea using the STOP-Bang scores 
(a validated measure of obstructive sleep apnea risk) showed that these scores were not associ-
ated with the amount of post-operative oxygen desaturation.5 Narcotics, are the stated culprit 
for a lot of emergent floor to ICU transfers. A recent closed claims analysis examined post-
operative opioid induced respiratory depression.6 Sadly, atleast 77% of patients suffered death 
or severe brain damage. As our work has suggested previously, only 9% had abnormal STOP-
BANG scores. We examined the association of the type of narcotic (long- vs. short-acting) in 
patient controlled analgesia (PCA) systems and saw that the risk of hypoxemia was not reduced 
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by using short-acting opioids.7 Using easily available informa-
tion, it is not possible to reliably predict which post-operative 
inpatients will desaturate, or the severity of their hypoxemia.

 Lee et al6 also showed that almost all of opioid induced 
respiratory depression events were deemed preventable with bet-
ter monitoring and response. Importantly, 42% of these episodes 
occurred within 2 hours of the last nursing check. Monitoring 
may thus be the answer, but what, who and how to monitor are 
important facets as well. Manually recorded oxygen saturation 
data were, on average, 6.5% higher than those recorded via auto-
mated systems in a large tertiary care medical center patient co-
hort.8 While continuous pulse oximetry on the regular ward pre-
vents ICU transfers and decreases rescue events, it is certainly 
not the be all and end all of respiratory monitoring.9 The Ameri-
can Society of Anesthesiologists (ASA) recommends continu-
ous monitoring of patients with neuraxial blocks and extended 
monitoring of those with obstructive sleep apnea. In addition, 
the guidelines from the ASA stress monitoring a combination of 
oxygenation and ventilation.

 Either tachycardia or hypoxemia may occur early 
on in a struggling patient, or the two may co-exist, and they 
often progress to hypotension, which is strongly associated 
with myocardial injury and death.10,11 As a corollary, it is well 
established that vital signs deteriorate 6-12 hours before cardiac 
and respiratory arrests occur12-14 — which is the basis for having 
hospital rapid-response teams which undoubtedly save lives.15

 The problem of respiratory depression on the wards 
(regular nursing floor) is common and dangerous. It causes 
many surgical patients to be transferred from the floor to the 
ICU – sometimes once, sometimes repeatedly. The PRediction 
of Opioid-induced Respiratory Depression In Patients Moni-
tored by capnoGraphY (PRODIGY) trial ClinicalTrials.gov 
Identifier: NCT02811302 is a global trial that is currently un-
derway and may help answer some of those questions. For now, 
though, continuous automated cardiorespiratory monitoring ap-
pears to be the only real answer. A combination of oxygenation, 
ventilation and a minimum hemodynamic parameter should be 
monitored on everyone across the board. Moving forward, op-
timal handling of monitors and prevention of alarm fatigue are 
certainly important educational pieces for our colleagues on the 
regular nursing floors. As anesthesiologists and intensivists, we 
know respiratory depression too well. Eternal vigilance is also 
the motto behind sound anesthesia training and care. Continu-
ous and improved monitoring practices on the wards will help 
ensure a safe and secure recovery environment for our patients. 
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Review

ABSTRACT

Opiates are prescribed for the treatment of acute, terminal, or chronic non-terminal pain. The 
use and potential abuse of prescription opiates have become widespread, and physicians in-
creasingly encounter patients with a history of opiate use. Prevention, assessment, and treat-
ment of post-operative pain are challenges for health providers and systems. Strategies such 
as a multimodal pain management approach may be particularly beneficial for improving post-
operative pain management in both chronic opioid users and unhabituated patients.

KEY WORDS: Chronic opioid abuse; Regional anesthesia; Pain assessment; Multimodal pain 
management.

ABBREVIATIONS: CDC: Centers for Disease Control and Prevention;  PMP: Prescription Mon-
itoring Program; TKA: Total Knee Arthroplasty; VAS: Visual Analog Scales; NSAIDs: Nonste-
roidal anti-inflammatory drugs; NMDA: N-methyl-D-aspartate.

INCREASED PRESCRIPTION AND POTENTIAL ABUSE OF OPIOIDS

Prescription opiates have an important role in alleviation of clinical pain (Table 1).1-6 Initially 
intended for the treatment of acute or terminal pain, opiates are increasingly common in the 
treatment of chronic non-terminal pain. Consequently, the use and potential abuse of prescrip-
tion opiates have become widespread, and physicians increasingly encounter patients with a 
history of opiate use.2,6-13

 In 2012, health care providers wrote 259 million prescriptions for opioid pain medica-
tion, enough for every adult in the United States (US) to have a bottle of pills.14 According, to 
the Centers for Disease Control and Prevention (CDC), 16,235 people died in the US of over-
doses from prescription painkillers or opioids in 2013.15 That figure corresponds to 44 deaths 
per day. Most of the deaths are among non-Hispanic whites and occur between the ages of 25 
and 54. In 2010, 12 million American took opioids for nonmedical purposes, and in 2013 about 
2 million people abused or had developed a dependency on opioids. Prescription opioid sales 
quadrupled in the US between 1999 and 2013.16

 In Ohio, for example, 2,482 individuals died in 2014 from an unintentional opioid-re-
lated overdose – more than a four-fold increase in 10 years.17 Unintentional opioid overdose has 
become a leading cause of injury-related death in Ohio over the past decade. Rates of opioid 
overdose deaths also increased significantly, from 7.9 per 100,000 in 2013 to 9.0 per 100,000 
in 2014, a 14% increase, and they were mostly due to opioids such as methadone, oxycodone, 
hydrocodone, and fentanyl.18
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  Historically, the CDC has programmatically charac-
terized all opioid analgesic-related deaths (from natural and 
semisynthetic opioids, methadone, and other synthetic opioids) 
as “prescription” opioid overdoses.19 Rates of opioid overdose 
deaths increased from 7.9 per 100,000 in 2013 to 9.0 per 100,000 
in 2014, a 14% rise. Between 2013 and 2014, the age-adjusted rate 
of death involving methadone remained unchanged. However, the 
age-adjusted rate of death involving natural and semi-synthetic  
opioid pain relievers, heroin, and synthetic opioids other than 
methadone (such as fentanyl) increased by 9%, 26%, and 80%, 
respectively. The opioid overdose epidemic continues to worsen. 
The sharp increase in deaths involving synthetic opioids (other 

than methadone) in 2014 coincided with law enforcement re-
ports of increased availability of illicitly manufactured fentanyl. 
However, illicitly manufactured fentanyl cannot be distinguished 
from prescription fentanyl in death certificate data. In 2014, 61% 
(28,647) of drug overdose deaths involved some type of opi-
oid, including heroin. The age-adjusted rate of drug overdose 
deaths involving opioids increased significantly from 2000 to 
2014, increasing 14% from 2013 (7.9 per 100,000) to 2014 (9.0 
per 100,000) (Figure 1).20 There are urgent needs for redoubled 
action to prevent opioid abuse, dependence, and death. There 
should be improved treatment capacity for opioid use disorders 
and reduction of the supply of illicit opioids, particularly heroin 

Table 1: Equivalent Doses of Different Opioids.

Drug Oral Route (PO) Parenteral Route (IV) Conversion Ratio Morphine Equivalent Dose of Oral Morphine (mg)

Morphine 30 mg 10 mg IV is 3 times as potent as PO 30 mg PO

Hydrocodone 20 mg of oral hydrocodone N/A 
PO hydrocodone is roughly 

1.5 times more potent than OR 
morphine

30 mg PO

Oxycodone 20 mg N/A
PO hydrocodone is roughly 

1.5 times more potent than PO 
morphine 

30 mg PO

Hydromorphone 7.5 mg 1.5 mg

PO hydromorphone is about 4-7 
times as potent as PO morphine.
IV hydromorphone is 20 times as 

potent as PO morphine

30 mg PO

Fentanyl N/A 15 mcg
Transdermal fentanyl is  

approximately 80 times as potent 
as morphine

30 mg PO

Meperidine 300 mg of PO meperidine 75 mg of IV meperidine

PO Morphine is about 10 times 
more potent than PO meperidine 

and about twice more potent as IV 
meperidine 

30 mg PO 

Figure 1: Age-Adjusted Rate of Drug Overdose Deaths and Drug Overdose 
Deaths Involving Opioids – United States, 2000-2014. This Chart is from 
Rudd et al of the Division of Unintentional Injury Prevention, US National 
Center for Injury Prevention and Control, CDC.20
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and illicit fentanyl. 

 From 2013 to 2014, the largest increase in the rate 
of drug overdose deaths involved synthetic opioids other than 
methadone (e.g., fentanyl and tramadol), which nearly doubled 
from 1.0 per 100,000 to 1.8 per 100,000 (Figure 2).20 Heroin 
overdose death rates increased by 26% from 2013 to 2014 and 
have more than tripled since 2010, from 1.0 per 100,000 in 2010 
to 3.4 per 100,000 in 2014 (Figure 2).20 In 2014, the rate of 
drug overdose deaths involving natural and semisynthetic opi-
oids (such as morphine, oxycodone, and hydrocodone), 3.8 per 
100,000, was the highest among opioid overdose deaths, and it 
increased 9% from 3.5 per 100,000 in 2013. The rate of drug 
overdose deaths involving methadone, a synthetic opioid classi-
fied separately from other synthetic opioids, was similar in both 
2013 and 2014.18 

 In Massachusetts, there has been a three-fold increase 
in opioid-related overdose deaths from 2000 to 2015, and nearly 
1300 residents across the Commonwealth died from overdose 
in 2014. In 2014, Massachusetts was among the top ten states 
for prescribing prescription opioids, with 4.6 million Schedule 
II and III medications prescribed for a total of 255 million pills. 
The rising prevalence of prescription opioids across the country 
has been associated with the increased prevalence of opioid use 
disorder and overdose death.18-20

 At Massachusetts General Hospital Boston, MA, USA, 
an estimated 250,000 to 300,000 ambulatory opioid prescrip-
tions are written each year. Based on a conservative estimate that 
each prescription dispenses an average of 30 pills, that hospital 
annually prescribes more than 7.5 million of opioid pills in the 

outpatient setting alone. 

APPROACH TO POST-OPERATIVE PAIN MANAGEMENT IN 
NON-OPIOID USERS AND CHRONIC OPIOID USERS

 The global epidemic of opiate use continues to spread, especially 
in developing countries.21 The tolerance to opioids may develop 
as quickly as 2 weeks after beginning treatment.22 The post-op-
erative pain control is challenging in opioid dependent patients. 
Some clinical studies22-24 reported that patients who chronically 
consumed opioids before surgery experienced increased post-
operative pain despite receiving a 3- to 4-fold greater amount of 
opioid than patients who were considered opioid-naive.

 More than 80% of patients who undergo surgical proce-
dures experience acute post-operative pain, and approximately 
75% of those with post-operative pain report the severity as 
moderate, severe, or extreme.24,25 Less than half of patients who 
undergo surgery report adequate post-operative pain relief.24 
Inadequately controlled pain negatively affects quality of life 
(QoL), function, functional recovery, the risk of post-surgical 
complications, and the risk of persistent postsurgical pain.26 
Many pre-operative, intra-operative, and post-operative inter-
ventions and management strategies are available and continue 
to evolve for reducing and managing post-operative pain. 

Pre-operative Education and Peri-operative

Individually tailored programs of education and support for 
surgical patients with more intensive needs (due to medical or 
psychological comorbidities or social factors) are associated 
with benefits including reduced post-operative opioid con-

Figure 2: Drug Overdose Deaths Involving Opioids, by Type of Opioids – 
United States, 2000-2014. This Chart is from Rudd et al of the Division of 
Unintentional Injury Prevention, US National Center for Injury Prevention 
and Control, CDC.20
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sumption,27,28 less pre-operative anxiety,29-32 fewer requests for 
sedative medications,28 and reduced length of stay after sur-
gery.27,31,33,34 Although, the optimal timing and content of pre-
operative education is uncertain, pre-operative education rou-
tinely includes discussion of changes in use of analgesics before 
surgery (e.g., discontinuation of aspirin for procedures in which 
hemorrhage would present high risks or in patients at high risk 
of hemorrhage) and continuation of medications (such as opi-
oids, benzodiazepines, gabapentinoids, or baclofen) to avoid a 
withdrawal syndrome, unless there is a specific plan to taper. 
Education should also correct any underlying misperceptions 
about pain and analgesics. Misperceptions might include beliefs 
that pain after surgery does not warrant treatment, that health-
care providers will only respond to extreme expressions of pain, 
that opioids are always required for post-operative pain, or that 
opioid use inevitably leads to addiction.35 Pregnant women who 
undergo surgery should be informed about potential effects of 
treatment options on the fetus and the breastfed newborn.36 

Pain Assessment and Indications

In post-operative situations, opioid prescriptions should be 
based on the degree of tissue disruption, a strong consideration 
of alternatives, specialty specific published guidelines, the im-
pact of pain upon function, and the risk/benefit ratio given the 
provider’s knowledge of the individual patient. Opioids should 
only be prescribed after a clinical examination, diagnosis, re-
view of medication and medical/psychiatric history, consider-
ation of alternatives, and review of data from the prescription 
monitoring program (PMP). 

 Moreover, more and more patients are chronic opi-
oid users in the pre-operative period. Chronic opioid use in the 
pre-operative period may have a negative impact on outcomes 
following surgery. Zywiel et al37 demonstrated a higher risk of 
complications and prolonged painful recoveries in chronic opi-
oid users undergoing total knee arthroplasty (TKA). Lawrence et 
al38 reported worse outcomes in chronic opioid users undergoing 
anterior cervical diskectomy and fusion. These findings under-
score the importance of incorporating opioid use assessment as 
a routine part of the pre-operative evaluation.

 Pain assessment and reassessment are required to pro-
vide optimal post-operative pain care. Pain assessment helps 
determine whether pain management is adequate, whether anal-
gesic or analgesic dose changes are required, whether changes in 
the post-operative pain management plan or additional interven-
tions are warranted, and (in the case of difficult to manage pain) 
whether specialty consultation or other measures are needed. 
Because pain is inherently subjective, patient self-report is the 
primary basis of all pain assessments.39,40

 Assessment should determine what interventions have 
been effective for the pain, how the pain affects function, the 
type of pain (neuropathic, visceral, somatic, or muscle spastic), 
and whether there are barriers to effective pain management, 

such as cultural or language differences, cognitive deficits, or 
patient misconceptions about pain management.

INTERVENTIONS IN NON-OPIOID USERS

Non-Opioid Alternatives to Pain Management

Optimized therapy for co-morbid illnesses: Problems include 
sleep problems, depression, and anxiety. Those conditions in-
crease severity of pain and the need for opioids. 

Non-pharmacologic treatment: Non-pharmacologic therapies 
should be considered as a primary therapy for post-operative 
pain unless the natural history of the cause of pain or clinical 
judgment warrants a different approach. These therapies often 
reduce pain with fewer side effects and can be used in combi-
nation with non-opioid medications to increase likelihood of 
success. Examples include, but are not limited to: (1) Ice, heat, 
positioning, bracing, wrapping, splints, stretching and directed 
exercise often available through physical therapy; (2) Massage 
therapy, tactile stimulation, acupuncture/acupressure, chiroprac-
tic adjustment, manipulation, and osteopathic neuromuscular 
care; (3) Biofeedback and hypnotherapy.

Non-opioid pharmacologic treatment: Non-opioid medications 
should be used along with non-pharmacologic therapy. When 
initiating pharmacologic therapy, patients should be informed as 
to proper use of medication, importance of maintaining other 
therapies and expectation for duration and degree of symptom 
improvement. Treatment options, by the quality of pain, are 
listed below: nonsteroidal anti-inflammatory drugs, acetamino-
phen, gabapentin, clonidine and topical lidocaine.

Regional techniques: (1) Consider consultation with a pain 
specialist. (2) Continuous peripheral nerve blocks or continu-
ous epidural anesthesia are far superior to systemic opioids in 
managing post-operative pain.

Opioid Pharmacologic Treatment

 Short-term opioid therapy may be preferred as a first line ther-
apy in the immediate post-operative period. In most cases, opi-
oids should be used as adjuncts to additional therapies, rather 
than in isolation.41 It is critical that healthcare providers commu-
nicate with one another about a patient’s care if the patient may 
be receiving opiate prescriptions from more than one provider.
 
 The following are recommendations for the general use 
of opioids to manage post-operative pain: (1) Appropriate risk 
screening should be completed (e.g., age, pregnancy, high-risk 
psychosocial environment, personal or family history of sub-
stance use disorder); (2) Provide the patient with the least potent 
opioid to effectively manage pain. A morphine equivalence chart 
should be used if needed. (3) Prescribe the minimum quantity 
needed with no refills based on each individual patient, rather 
than a default number of pills. (4) Consider checking PMP for 
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all patients who will receive an opiate prescription. (5) Avoid 
long-acting opioids (e.g., methadone, oxycodone ER, and trans-
dermal fentanyl). (6) Use caution when prescribing opioids to 
patients receiving other medications causing central nervous 
system (CNS) depression (e.g., benzodiazepines and sedative 
hypnotics) or patients known to use alcohol. Depressant combi-
nations increase the risk of respiratory depression and death. (7) 
Discuss with the patient a planned wean of opioid therapy, con-
comitant with reduction or resolution of pain. (8) Prevent com-
plications/abuse and discuss proper secure storage and disposal 
of unused medication to reduce risks to the patient and others. 
Patients should be made aware of the risk of pills being poten-
tially used by family members, roommates, children, or strang-
ers. Recommend that patients store any controlled substances 
in locked containers/cabinets and away from other household 
medications. (9) Remind the patient that it is both unsafe and un-
lawful to give away or sell opioid medication, including unused 
or leftover medication. 

Special populations: If a patient is currently on long-term opi-
oid medications or opioid agonists/antagonists, any interruption 
in medications in the acute setting must be discussed with the 
prescribing clinician. The initial prescribing clinician of these 
medications should anticipate communications from providers 
in the acute settings and provide the appropriate guidance and/
or support. 

Reassessment of pain and follow-up: Re-evaluation of patients 
who receive opioid therapy for post-operative pain will be con-
sidered if opioid therapy will continue beyond 14 days. This re-
evaluation may be through an office visit or phone call based 
on the discretion of the provider. If opioids are prescribed for 
post-operative pain, close follow-up should be arranged with the 
primary surgeon/prescribing clinician and the primary care pro-
vider. Earlier follow-up should be considered for patients with 
one or more of the following risk factors: (1) Chronic opioid 
use. (2) History of prior substance use disorder. (3) Psychiatric 
or medical conditions increasing risk of opioid related problems. 
(4) Current use of other medication potentiating risk of opioids 
such as benzodiazepines. (5) If the patient requires additional 
opioids prior to scheduled follow-up the patient should present 
for evaluation of complication or other possible cause of in-
creased pain. Only after all reasonable and safe alternatives to 
long-term use of opioid medications have been considered and 
exhausted should chronic use of opioid analgesia be considered. 
Chronic opioid therapy (COT) is rarely the best approach for the 
treatment of chronic pain. At all follow-up visits, ask about any 
unused medication, discuss the importance of safe disposal, and 
provide safe medication disposal flyer.

Provider monitoring: Regular opioid prescribing reporting helps 
prescribers and clinical leaders to identify opportunities to im-
prove prescribing practices, including: (1) Assessing adherence 
to best practices, guidelines and policies. (2) Benchmarking pre-
scribing rates and exploring inter-prescriber variations. (3) Re-
viewing utilization to detect and secure against diversion.

INTERVENTIONS IN CHRONIC OPIOID USERS

Pre-operative Considerations

Pre-operative visits with a patient provide opportunities to dis-
cuss the risks of chronic opioid use and to address his or her 
concerns regarding post-operative pain control. Early discus-
sions about pain-related beliefs in the pre-operative period may 
facilitate a more adaptive response to post-operative pain.42

Peri-operative Interventions

A multimodal approach combining analgesics with non-opioids 
treatment and regional anesthesia throughout the peri-operative 
period should be strongly considered in intervertions for post-
operative pain control in opioid tolerant patients. Sinatra et al43 
provide a comprehensive review on the role of opioids, non-
opioids, and nerve blockade in orthopaedic patients.The choice 
depends on the strategy favored by the physician and the avail-
ability of drugs and equipment.44

Pre-emptive Analgesia

Pre-emptive analgesia is the administration of pain medication 
in the pre-operative period to exert a preventive effect against 
post-operative pain by inhibiting central autonomic hyperactiv-
ity. The route and type of agents used can be chosen from any 
number of permutations and include regional anesthesia, non-
steroidal anti-inflammatory drugs, opioids, anticonvulsants, and 
acetaminophen. The goal of multimodal analgesia is to reduce 
opioid consumption.

N-methyl-D-aspartate (NMDA) antagonism: Ketamine provides 
intense analgesia by blocking N-methyl-D-aspartate (NMDA)  
receptors and thereby reducing the release of the excitatory 
neurotransmitter glutamate. An intravenous dose of 0.5 mg/kg 
ketamine on induction with a continuous infusion of 10 mcg/
kg/min has been shown to reduce opioid consumption and pain 
scores for up to 6 weeks in opioid-dependent patients undergo-
ing back surgery for chronic back pain.45

Alpha 2 agonists: Dexmedetomidine is a selective alpha 2 ag-
onist with both analgesic and sedative properties. When com-
bined with opioids in intravenous patient-controlled analgesia, 
the presence of dexmedetomidine demonstrated lower post-op-
erative  pain intensity and lower post-operative morphine-equiv-
alent opioid consumption during the first 12 or 24 hours.46 Tiza-
nidine is an alpha 2 - adrenoceptor agonist with potent muscle 
relaxant activity. It has been showed decreased pain intensity 
and decreased need for opioid analgesics.47

Gabapentinoid: Gabapentinoids are analogs of γ-aminobutyric 
acid. They can bind to the α-2δ subunit of presynaptic calcium 
channels and therefore modulate glutamate expression. These 
drugs may inhibit pain transmission and central sentization.48,49
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Anti-inflammatory Medication: The analgesic effects of acet-
aminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) 
have been attributed to their anti-inflammatory properties 
through inhibition of prostaglandin synthesis. Selective COX-
2 inhibitors seem to have an advantage in acute pain manage-
ment.50

Local Anesthetics: Lidocaine demonstrates analgesic and anti-
inflammatory effects through acting on potassium channels, 
calcium channels and protein G-coupled receptors51 and sig-
nificantly lower post-operative pain score visual analog scales 
(VAS) at 1-4 hours and 24 hours after surgery, but not 48 h.52

Beta-blocker: Esmolol is one of the short-acting cardioselective 
β-1 adrenergic receptor antagonist with a distribution half-life of 
around 2 minutes and an elimination half-time of around 9 min-
utes.53 Some studies have found that esmolol reduces anesthetic 
requirements and decreases the use of peri-operative opioids.54,55

Regional Anesthesia

Regional anesthesia can improve pain control, decrease systemic 
opioid requirements, and reduces risks of respiratory complica-
tions and venous thromboembolism.43,44,56,57 Regional anesthesia 
can involve neuraxial (central) or peripheral blockade. In gen-
eral, central neuraxial blocks alone or in combination with cath-
eter techniques provide better pain control.58 Peripheral nerve 
blocks under the guidance of ultrasound seem to lack systemic 
side effect, lesser incidence of minor complications, and reduce 
the opioids requirements.59 

CONCLUSION 

Pharmaceutical options and various regional blocks are avail-
able to help to control post-operative pain, and a multimodal 
pain management approach may be particularly beneficial in 
chronic opioid users undergoing surgery.

 These strategies above are based on a premise that op-
timal management begins in the pre-operative period. After as-
sessment of the patient, a plan of care should be generated to the 
individual and to the surgical procedure, with follow-up assess-
ments and adjustments. Further research and observation needed 
on practice gaps regarding use of evidence-based interventions 
for management post-operative pain. 
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Case Report

ABSTRACT

Introduction: Hanging has become the second most common method of attempted suicide 
among adolescents and hanging injuries are associated with a high overall mortality rate.1 
Laryngeal injuries were observed in 35% to 45% of victims of hanging at autopsy.2

Case presentation: We present a 40-year-old male patient presenting after hanging. On 
presentation, he was alert with glasgow coma scale (GCS) 15/15 and self-ventilating, but 
was aphonic with quadriplegia. He suffered from complete upper laryngeal transection. He 
was successfully intubated in accident & emergency department (A&E), but eventually had 
tracheostomy with subsequent laryngeal repair. He was immediately transferred to neuro 
rehabilitation centre.
Conclusion: Airway injuries after hanging can be quite difficult to manage. Tracheostomy 
is recommended as the method of choice to secure the airway by many authors, because 
endotracheal intubation may pass into a false track at the site of tracheal separation and obstruct 
the airway completely.3-5

INTRODUCTION

 Airway trauma may be life threatening, immediately or within several hours after acute injury. 
Although, laryngotracheal inju ries represent less than 1% of all traumatic injuries, they account 
for more than 75% of immediate mortality.6 Motor vehicle accidents are the most common 
cause of blunt trauma to the airway, with hanging as a method of attempting suicide increas ing 
in incidence.4,6 Because laryngotracheal separation caused by hanging usually results in early 
death at the scene, the true incidence is unknown.2,3,6

CASE PRESENTATION

We would like to present the case of a 40-year-old male patient who presented to the university 
hospital after attempted hanging. He was reasonably fit and healthy with a background history 
of depression. He was witnessed to hang from a tree at a height of about 12 feet. He was 
brought to the hospital in the ambulance by the paramedics.

 On presentation in accident & emergency department (A&E), he was fully alert 
with glasgow coma scale (GCS) of 15/15. His cervical spine was already stabilized in hard 
collar with triple in line immobilization. He was maintaining his airway but was dyspneac and 
tachypneac. His breathing was paradoxical with oxygen saturation of 89-92% on room air. The 
most important examination findings were that he was aphonic most probably due to laryngeal 
injury and quadriplegic most probably due to cervical spine injury. He was gradually getting 
tired because of dyspnea and tachypnea.

 Computed tomography (CT) scan of the neck and airway was not considered at this 
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point, as the patient was desaturating already and it was decided 
to intubate him as he was getting tired. Prior to intubation, ear, 
nose, and throat (ENT) team did a quick nasendoscopy but could 
not visualize anything properly as it was a bloody field. It was 
fully recognized that it will be most probably difficult intubation 
due to altered anatomy secondary to most probable laryngeal 
injury as the patient was aphonic, so a proper plan was made 
for intubation with ENT team on stand by. Plan A was to do 
routine intravenous induction with modified laryngoscopy, using 
glidescope with manual in line neck stabilisation. Plan B was to 
perform quick tracheostomy, if plan A fails and for this, ENT 
team was ready scrubbed up on stand by to perform surgical 
tracheostomy straight away if needed.

 Plan A was initialized and patient was induced intra-
venously. The patient was very easy to ventilate with bag and 
mask. When GlideScope was used, the view obtained was very 
difficult due to bloody field and altered anatomy as shown in 
Figure 1. 

 The view was 2A (as per Cormack & Lehane), so the 
bougie was passed through the laryngeal inlet but the bougie was 
seen to be subcutaneous just under the skin after going through 
the laryngeal inlet, so it was taken out. The patient was bag and 
mask ventilated for few seconds and then a second attempt was 
made to insert the bougie using glidescope, but same thing hap-
pened again and the bougie went through the laryngeal inlet but 
was again seen as subcutaneous just under the skin. This con-
firmed the laryngeal injury (possibly transection), which was 
suspected initially as well due to aphonia. The patient was ven-
tilated again with bag and mask for few seconds and this time, 
laryngoscopy with glidescope was attempted by a senior anaes-
thetist, bougie was again inserted and this time, it went in to the 
trachea and the endotracheal tube was inserted over the bougie 
successfully. The patient was kept anaesthetized using propofol 
infusion and was taken to the CT scanner for having CT scan of 
the brain and neck. The CT scan showed no brain injury, fracture 
of the C2 vertebral pars inter-articularis along with facet joint 
dislocation between C2 and C3 vertebrae. It also showed antero-

listhesis of C2 vertebra over C3 vertebra along with respective 
spinal canal stenosis. In addition, there was surgical emphysema 
with locules of free gas in the retropharyngeal and right carotid 
spaces.

 The patient then went straight to theatre and underwent 
panendoscopy. Operative findings included complete transec-
tion of epiglottis and aryepiglottic folds along with full thickness 
tears to lateral pharyngeal wall but with intact posterior pharyn-
geal wall. Esophagus was intact also. The patient then under-
went laryngophayngeal repair and tracheostomy.

 The patient was eventually sent to the neuro-rehabilita-
tion centre for having neuro-rehabilitation with tracheostomy in 
situ.

DISCUSSION

Laryngotracheal injury is a rare injury being responsible for 
less than 1% of the trauma cases seen in most major centers.7,8 

This is due to many factors, including rapid death at scene due 
to asphyxia, anatomical protection provided by sternum and 
mandible8 and lack of diagnosis of minor airway injuries in 
victims of major trauma by hospital staff.9

 The mechanism for laryngotracheal injury after hanging 
may be multifold. Sudden neck extension, fixation of the larynx 
and anteroposterior compression of the tracheal rings result in 
shearing forces tearing the cricotracheal membrane.10 Direct 
upward pressure from hanging elevates the larynx superiorly 
resulting in separation of larynx and trachea.11

 Similarly, the extent and location of blunt laryngotra-
cheal trauma is determined by several factors.12 In one review, 
majority of the injuries occurred above the fourth tracheal ring 
(88%).13 However, penetrating and bullet wounds can occur 
in any part of the cervical trachea.14 Cricoid facture can occur 
which can further cause recurrent laryngeal nerve injury com-
promising the airway lumen even further. In our case, the patient 

Figure 1: GlideScope Image of Laryngeal Inlet.
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did not suffer laryngotracheal injury. Infact, he had a total la-
ryngeal injury including complete transection of epiglottis and 
aryepiglottic folds. 
 Admitted patient with laryngotracheal injury present 
with specific signs including skin abrasions over anterior neck, 
dyspnea, hoarseness, subcutaneous crepitus, haemoptysis and 
dysphagia,15 but their presence is variable12,13,16,17 according to 
the extent of injury. Surgical emphysema may develop hours af-
ter the initial injury.18.19 Hanging can also result in cervical spine 
injuries resulting in hemiplegia, quadriplegia, cranial nerve defi-
cits, horner’s syndrome and neurogenic shock. Our patient was 
dyspnoec and tachypnoec at presentation with minimal desatura-
tion. However, he was aphonic and quadriplegic due to laryngeal 
and cervical spine injury respectively.

 Investigation and management of a patient with laryn-
gotracheal injury is dependent on the airway status of the patient 
at arrival in the hospital and the presence of other associated 
injuries.13 Airway control with cervical spine protection is al-
ways the priority. Chest and neck X-rays may demonstrate sub-
cutaneous emphysema or distortion of the laryngotracheal air 
column.14 A CT scan has proved beneficial in differentiating be-
tween the patients with blunt laryngotracheal trauma requiring 
conservative management or surgical exploration.20,21

 Fibreoptic endoscopic examination of the upper airway 
may be useful to evaluate the site and extent of airway injury and 
also enables tracheal intubation while minimizing the risk to the 
potentially damaged cervical spine.22 However, it may be techni-
cally difficult to perform fibreoptic endoscopy due to bleeding, 
debris and anatomical disruption. It can also result in airway ob-
struction.12

 Tracheostomy is the method of choice for airway man-
agement in an acutely injured patient with neck trauma, as at-
tempts at tracheal intubation may result in creation of a false 
passage, compromising the airway further. Rapid deterioration 
of the patient, if occurs, may also necessitate tracheostomy.23 
Alternatively, femoral-femoral cardiopulmonary bypass can be 
considered in case of any emergency.14 After airway is estab-
lished, surgical repair should be undertaken as soon as possible. 
Early repair within 48 hours shows improved outcomes with re-
spect to airway and voice and also lower incidence of subglottic 
stenosis.24,25
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